The use of microorganisms to improve the availability of nutrients to plants is of great importance to agriculture. This study aimed to evaluate the effect of triple inoculation of cowpea with arbuscular mycorrhizal fungi (AMF), plant growth-promoting bacteria (PGPB) and rhizobia to maximize biological nitrogen fixation (BNF) and promote plant growth. The experiment was conducted in a greenhouse using 
INTRODUCTION
Cowpea (Vigna unguiculata [L.] Walp.), a rustic grain legume adapted to the Northeast region of Brazil, is rich in nutrients. It is planted mainly by family farmers who sell their surplus production to generate extra income (25) . However, the low productivity of this crop is linked to the low technological level used in its production, especially low water availability, seeds with low genetic quality and low use of inputs such as fertilizers and rhizobial inoculants (13) .
The use of microorganisms to improve nutrient availability to plants is important for improved or even successful agriculture (12) (3) . AMF are obligatory biotrophs, only multiplying in metabolically active roots. Their hyphae can be compared to root extensions of the host plant; because they absorb water and nutrients and then supply them to the plant through ramifications formed by the hyphae inside the host's cells, called arbuscules (29) .
Phosphorus (P), an element that is scarce and has low mobility in the soil, is an important nutrient supplied to plants through AMF (8) . Biological nitrogen fixation (BNF) demands high amounts of ATP energy, so an adequate supply of phosphorous offered by AMF benefits nodule formation (6) .
Nitrogen is one of the most limiting nutrients to agricultural production in tropical regions of Brazil. Therefore, BNF has great economic and environmental importance for crop production (26) . Rhizobia, when in symbiotic association with leguminous plants, convert atmospheric N 2 to NH 3 , which is used by the plants in various ways. This association can be an alternative to chemical nitrogen fertilizers, with the advantage of being more economically viable and environmentally friendly (10).
Vessey (34) reported that plant growth promoting bacteria (PGPB) colonize different organs of plants and exert beneficial effects on them. These bacteria act indirectly by suppressing diseases and directly by producing or modifying phytohormone concentration, nitrogen fixation, solubilization of inorganic phosphate or other nutrients from the soil, sulfur oxidation, production of siderophores, and increasing root permeability (30) . Thus, this study aimed to evaluate the effect of triple inoculation of cowpea plants with arbuscular mycorrhizal fungi (AMF), plant growth-promoting bacteria (PGPB) and rhizobia, seeking to maximize biological nitrogen fixation (BNF) and promote plant growth.
MATERIALS AND METHODS
The soil used in this experiment was classified as Yellow Argisol (11) and was obtained from the Experimental Station of the Itapirema -Agronomic Institute of Pernambuco (IPA), located at latitude 07°34' 00' ' and longitude 35º00' 00". The soil was collected from the surface layer (0-20 cm). After air drying, it was sieved (2.0-mm mesh sieve) and homogenized.
The native populations of rhizobia and Glomus etunicatum
Becker and Gerdemann were also evaluated and were present at 1.5 x 10 3 UFC mL -1 and 9 glomerospores per 50 g of soil,
respectively. The legume used was the cowpea (Vigna The variance in the data was analyzed and contrasts were performed for each variable, with levels of significance of 5%, evaluated by the F-test. The means were compared using the Tukey test (p < 0.05).
RESULTS AND DISCUSSION
Statistical analysis by the F-test revealed significance for the In each column, means (6 replicates) followed by the same letter do not differ statistically from each other at p<0.05 according to the Tukey test.
Regardless of the treatment, the inoculation with G. In each column, means (30 replicates) followed by the same letter do not differ statistically from each other at p<0.05 according to the Tukey test. * NFM = nodule fresh matter ** Original medium processed to √ (x + 0).
The inoculation with G. etunicatum increased the P content of the SDM, but this result was not significant (p In an attempt to keep the micro and macro biota and their interactions closer to their native state, we chose to work with Inoculation with Bradyrhizobium, Glomus and Paenibacillus the inoculation of microorganisms using unsterilized soil and in greenhouse conditions. Competition between AMF species, in terms of their ability to colonize roots, can also be influenced by environmental conditions (7) . Experiments involving soils with native AMF on a single host will probably better reflect those processes that naturally occur (8) . Interspecific competition has been measured as a function of sporulation differentiated by these fungi and the formation of entry points into roots being colonized.
Despite these interactions, a combination of fungal isolates (native + tested) has been shown to provide a greater benefit in growth than when only a single fungus colonizes the roots of the plant (9).
The co-inoculation with Paenibacillus brasilensis -24 favored cowpea development (Table 4) In each column, means (30 replicates) followed by the same letter do not differ statistically from each other at p<0.05 according to the Tukey test. * NFM = nodule fresh matter ** Original medium processed to √ (x + 0).
The plant height over time (10, 20, 30 and 40 days) was higher for the treatments inoculated with P. brasilensis -24. 
